Flow through diffusion method was used to determine the effective diffusion coefficient and the appropriate parameters for modeling iodide ion diffused through the compacted clay materials of kaolinite and bentonite which were supplied locally and from USA.The effects of clay structural characteristics on diffusion,the mechanism of iodide ion diffusion through the compacted bentonite were studied.
Flow through diffusion method was used to determine the effective diffusion coefficient and the appropriate parameters for modeling iodide ion diffused through the compacted clay materials of kaolinite and bentonite which were supplied locally and from USA.The effects of clay structural characteristics on diffusion,the mechanism of iodide ion diffusion through the compacted bentonite were studied.
The effective diffusivity for kaolinite decreases with increasing bulk density and concentration of the diffusion species (I-).The iodide ion was strongly repelled from the bentonite particle surface,the predominant diffusion path is in the interstitial water.The relationship between the iodide flux (J) and the formation factor (F) for the diffusion of iodide ion through the compacted clays can be described by the following empirical equation log(J-1)=A+BF, where A and B were constants.The inverse of iodide diffusion flux decreases with increasing formation factor.The types of clay and their structures have a significant effect on the diffusion of iodide ion through compacted clays. KEYWORDS: diffusion,diffusivity,kaolinite,bentonite,iodine,iodide ions,diffusion flux,formation factor,chemical composition
I.INTRODUCTION
Fine grained materials were being used increasingly as sealing agents in engineering design to inhibit the migration of contaminants from a waste disposal site to the surrounding environment.A compacted bentonite was evaluated for use in a spent fuel disposal vault to surround the nuclear fuel waste containers (1) .Bentonite is considered as a candidate backfill and/or buffer material for mainly the swelling property of montmorillonite.The hydraulic conductivity in such sealing materials is very low,and so the principal mechanism of contaminant transport is likely to be diffusion.Therefore, a knowledge of diffusion coefficient of contaminant in these sealing materials is essential for predicting migration rates and flux through them.
In spent fuel,the radioactive fission product 129 I is potentially the greatest hazardous to both human and environment.This is because of its long half life (1.7 x107 yr),and it exists in solution as an anion (I-or 10-3) and does not interact strongly with geological materials such as clay and rock.Therefore, among the radionuclides present in spent fuel, 129 I has the greatest potential to reach to biosphere before decaying to insignificant level.Consequently,research is being con-ducted to the materials that could be retard the movement of 129 I through the buffer after the waste containers are breached. There are three experimental methods to study the diffusion of iodine radionuclide through different clays in the literature, namely,diffusion cell(2)~(4),flow through diffusion method(5)(6),and diffusion profile method(7) (8) .The advantages and disadvantages of the available experimental methods were discussed.
The purpose of this work was to study the diffusion of iodide ion through kaolinite and bentonite clays by flow through diffusion method.The investigated some kaolinites distributed widely in Kinmen district on their applicability as an admixture to bentonite for backfill material for final repository.The mechanism of iodide ion diffusion in compacted clay was also studied.The empirical relationships between the diffusion flux (J) and the formation factor (F) for both compacted kaolinite and bentonite were also developed. Consequently,through the development of predictive models and the design of effective barriers,good understanding of the behavior of iodine radionuclide movement in a disposal vault environment could be achieved.
II.DIFFUSION THEORY
For a porous slab initially at zero concentration,with constant inlet concentration C1 at X=0,and outlet concentration C2 at X=L, the total quantity of diffusing substance Q which has passed through the slab in time t is obtained by solving Fick's first and second laws.The solution is (9) where.De and Da are effective and apparent diffusivity for iodide ion diffusion through porous media,L and A are the thickness and cross-sectional area of the sample,respectively.
Equation (1) is only valid if (1) the effective diffusivity De can be assumed to be constant through the experiment, (2) no simultaneous bulk transport (convection) occurs in the pores, (3) the solid phase does not adsorb the iodide ion.
As t->oo,Eq.(1) approaches to linear relation (2) Since Q can be written as Q=CV, (3) where C and V denote concentration and the volume of the diffused nuclide,respectively. Combining Eqs. (2) and (3) gives ( and America kaolinite were supplied from USA.This local supplied clay is possibly to be used as a backfill material in disposal vault.The America clay was used for the purpose of comparison only.The chemical composition of clay materials were given in Table 1 . Table  2 shows the particle size and its size distribution of the kaolinites. The particle size of the America and Kinmen kaolinite was about 81%<2mm and about 72% <2mm,respectively.The particle size of the powdered America kaolinite is relatively fine than that of Kinmen kaolinite. 
2.Equipment and Compacted Clay Preparation
A known quantity of clay powder was poured into pressing device and pressing by oil pressure device at a pressure of 50~100 MPa,1.0cm thick by 4.2cm diameter disk of clay was obtained.The bulk dry density (rb) of the compacted clay were ranged from 1.1 to 2.0 x 103 kg/m3.
Diffusion Experiment
The apparatus used in the diffusion experiment were shown in Figs.1 and 2.It consisted of two circulation systems.In one of the circulation systems,a diffused component containing solution was circulated (high-concentration side) by a circulation pump.This solution was in contact with one side of the clay sample.In the other circulation system, a solution free from the diffused component was circulated (low-concentration side),and this solution was in contact with the other side of the clay sample.The clay sample was saturated with water before test run.A plate of stainless steel with screw typed circular channel was prepared in each plate, the channel was connected to the circulation system by stainless steel tube.The solution in each circulation system flowed through the tube into the center of the plate,then circulated in the channel which was in contact with the clay sample,and then flow out to the storage bottle via the tube connected to the periphery plate.During the diffusion experiment,the equipment was placed in a water bath to maintain temperature at a constant level.The operating temperature was ranged 25~45dc.
The iodide concentration in high and low sides of the circulation systems were equal to 0.1 M NaI and 0.1 M NaN03,respectively. The iodide ion concentration in the low side of the circulation systems was measured by an on line iodide ion selective electrode (ColeParmer,USA,EA-940).By linear regression analysis technique,the effective diffusion coefficient of iodide ion through the sample can be determined by Eq.(5).
IV .RESULTS
AND DISCUSSION
1.Diffusion in Compacted Kaolinite System
The measured concentration-time curves for iodide ion in various bulk dry density (1,100~2,000kg/m3) of the compacted Kinmen and America kaolinites were shown in Fig.3(a) and (b),respectively.By linear regression analysis technique together with Eq. (5) and the data presented in Fig.3(a) and (b),the effective diffusion coefficients De of iodide ion through the sample was obtained and summarized as shown in Table 3 .The plot of De vs.bulk density of the sample was shown in Fig.4 .It was found that the effective diffusivities decrease with increasing bulk dry density,and the effective diffusivities of the compacted samples of America kaolinite are lower than that of the Kinmen kaolinite.Therefore,the compacted Kinmen kaolinite exhibits faster diffusion rate to iodide ion than that of the compacted America kaolinite.
Since kaolinite was a double-layer sheet silicate mineral,the bonding force between the layers was high,as a result,the physical property of kaolinite was relatively stable. Thus,the water molecules can not move into the interlayers.This was proved by the was one order of magnitude lower than the iodide diffusion coefficient in free water (Dv: 1.5 X10-9 m2/s). Table 3 was also indicated that porosity (e),effective diffusion coefficient (De), and formation factor (F) decreased with increasing bulk density.The diffusional flux of iodide ion diffusing through the compacted Kinmen kaolinite can exceed the compacted America kaolinite by a factor of 1 to 2. This implied that the tortuosity of the compacted Kinmen kaolinite was lower than the compacted America kaolinite.The effect of iodide ion concentration (0.1-1x10-5 mol/l) 
Fig.6 Concentration vs.time for iodide ion diffusion in compacted bentonites
According to Grim(10) ,the montmorillonite main component of bentonite is composed of units made up of two silica tetrahedral sheets with a central alumina octahedral sheet.In the stacking of the silica-alumina-silica units, oxygen layers of each unit were adjacent to oxygen layers of the neighboring units,with the consequence that there is a very weak bond and an excellent cleavage between them. However,sodium ion diffusion into the interlayer of montmorillonite,which can be hydrolyzed and replaced by the ions presented between the layers,hence,the structure units could expand.Therefore,the diffusion path in the compacted bentonite samples was more tortuous than in compacted kaolinite samples, and lower diffusion rate was resulted.
3.Diffusion Mechanism of Iodide Ion in Compacted Bentonite
From experimental data shown in Table  4 ,the impedance factor f (f=d/t2) was ranged from 0.00267 to 0.027,d and t was constrictivity and tortuosity for compacted bentonite,respectively.It was indicated that significant constriction and tortuosity were resulted.However,the iodide ion diffusion in the interstitial water at a steady-state flux NA can be described by NA=DieinCi-DsesnCs, (7) where Di and Ds are the respective pore diffusivities in interstitial and surface water, ei and es are the respective porosities available for diffusion in interstitial and surface water,and nCi and nCs are the respective ionic concentration gradients in interstitial and surface water.Assuming Cs=kdCitrc /es, (8) where kd is the distribution coefficient, t the fraction of surface water available for diffusion,and rc the clay dry density,Eq.(7) can be rewritten as NA=-(Diei+Dskdtrc)nCo, (9) where nCo is the solution concentration gradient applied through the clay specimen.
It provides an estimate of the steady-state flux,NA,after a sufficiently long diffusion time.The effective diffusion coefficient can be calculated from (12) NA=DeCo/L, (10) where Co is the concentration of the species remaining in solution at equilibrium and L is the thickness of the specimen.Substituting Eq.(10) into Eq.(9),gives De=D2kdtrc+Diei,. (11) The iodide ion diffusion in each type of water was assumed to be isotropic and isothermal and the pores were assumed to be independent of the size of the diffusing species.In this study,the De could be obtained from the diffusion experiments.The si could be determined by the water saturation method after the diffusion experiments.The iodide has been known that to be absorbed in the clay in a very little quantity,so the values of Ds, and Di could be estimated from Cheung (13) . The values of De,Ds,Di and ei were substituted into Eq.(11).Therefore, the Kdt could be obtained and was equal to 2.39x10-8 m3/kg for iodide ion while De=8.41 X10-12 m2/s,at rc=2,650kg/m3.In this case,the value of batch Kd determined was 1.5 x10-3 m3/kg,and t was estimated to be 1.593x10-5. The small Kd for iodide ion tend to confirm that iodide ion was repelled from the bento- Table 5 and could be correlated where A and B were parameters and determined from linear regression of the combined flux data.It was found that the value of B for the compacted kaolinite were larger than that of the compacted bentonite.The value of A for the compacted bentonite was larger than that of the compacted kaolinite.The diffusion flux of iodide ion is more significantly affected by the parameter of B is compacted bentonite than that of compacted kaolinite. The iodide flux of compacted bentonite increased more rapidly with an increasing in formation factor than compacted kaolinite. This implied that the diffusion rate on compacted clays were markedly affected by the type of clays and their structural characteristics.
V.CONCLUSION
From the above studies the following conclusions can be drawn:
(1) The diffusion transport rate of iodide ion decreases with increasing bulk density and concentration of the diffused species when through the compacted kaolinite. resulting in it is a better backfill material for a final repository than Kinmen kaolinite. (4) The iodide ion diffused through compacted bentonite was strongly repelled from the clay particle surface,the predominant diffusion path is in the interstitial water Vol.29,No.2 (Feb .1992) of bentonite. (5) The iodide diffusive flux of compacted bentonite increased more rapidly with an increasing in formation factor than that the compacted kaolinite,and was significant affected by the parameter of B.
